Introduction: Diagnosis Related Groups (DRGs) are used throughout the health care industry to address issues of cost, effectiveness and quality of care. Nonetheless, many have argued that the DRGs do not adequately adjust for patient severity and this prospective payment system leads to reimbursement inequities. Objective: The purpose of this study is first, to explore the relationship between KEN-DRGs reimbursement rates (along with other controls) and clinical severity classification and second, to draw hospital reimbursement policy implications. Methods: The present study is a retrospective observational study, undertaken in a very large number of hospitalization cases and conducted exclusively by examining reimbursement administrative data collected from the e-DAPY database of National Organization for Provision of Healthcare Services (EOPYY) in Greece. The database provided contained all impatient hospitalizations classified for every single KEN-DRG code and for every MDC (aggregated) for the time period January to June 2013 (first semester of 2013). Results: Our results demonstrate that though there is a strong association between reimbursement rates and clinical severity, there are several KEN-DRG codes that are over-(under-) reimbursed, taking in consideration their clinical severity class. Conclusion: Because DRGs systems are crucial in measuring relative efficiency among hospitals, as well as driving ongoing reimbursement, they should incorporate and establish the severity level for every admission, so as to determine whether case mix growth is associated with real costs or with coding and documentation improvements at the hospital.
Introduction
Diagnosis Related Groups (DRGs) are used throughout the health care industry to address issues of cost, effectiveness and quality of care. The design and development of the DRGs began in the late '60s at Yale University. The initial motivation for developing the DRGs was to create an effective framework for monitoring the quality of care and the utilization of services in a hospital setting [1] . The first large-scale application of the DRGs was in the late '70s in the USA and specifically in the State of New Jersey [2] , which used DRGs as the basis of a prospective payment system in which hospitals were reimbursed a fixed DRG specific amount for each patient treated. In 1982, a modification of Medicare hospital reimbursement limits was made to include case mix (number and type of cases treated in a hospital) adjustment based on DRGs, as a recognition of the fundamental role which a hospital's case mix plays in determining its costs [3] . In 1983, USA proceeded to a national DRG-based hospital prospective payment system for all Medicare patients [1] [4] .
Nonetheless, many have argued that the DRGs do not adequately adjust for patient severity and this prospective payment system leads to reimbursement inequities [4] [5] . To respond to these criticisms, the Centers for Medicare and Medicaid Services (CMS) developed the CMS severity-adjusted DRGs (SDRGs), by refining the existing DRG structure and better identifying patients with different resource needs and outcomes. However, the SDRGs, like the CMS DRGs, suffered from being targeted to the over sixty-five year old population and from serious conceptual limitations in certain key areas (neonatal care, etc.), that reduced SDRG system's ability to uniformly predict severity of illness [5] [6] .
In 1987 the original DRG system was revised into an All-Patient DRG (AP-DRG) system. The AP-DRGs are an expansion of the basic DRGs to be more representative of non-Medicare populations [7] . In 2003, the All-Patient-Refined DRG (APR-DRG) system was introduced, shifting the system's focus to patient characteristics including adjustments for severity of the condition and co-morbidities [1] [5] [8] . The APS-DRGs have a simple, explicit, and easily understood structure and they are based upon the SDRG, but address the limitations discussed above [9] - [11] .
A number of studies indicate the importance of clinical severity as a significant component of an equitable prospective payment system, therefore and the importance of APS-DRGs [7] [12] [13] .
Many other countries implemented Diagnosis Related Groups (DRGs) or similar grouping systems as instruments for hospital reimbursement [14] [15] . Australia was one of the first countries that followed the USA paradigm, and adapted its own specific AR-DRG classification based upon 23 major diagnostic categories (MDC) [16] . Nordic countries [17] (Norway, Sweden, Finland and Denmark) introduced the Nordic DRGs (Nord DRGs) based on a refined DRG from Health Care Financing Administration (HFA-DRGs) [18] , Estonia [19] , has introduced and gradually implemented (50% of case cost) the Nord DRGs since 2003. Iceland [14] has been using the Nord DRGs on a trial basis in Landspitali University Hospital since 2001. Portugal in 1989 introduced "Foltha de Admissao e Alta", which is a basic information system that is now used by all NHS hospitals [14] [17] . Ireland has adapted Portugal's methodology and in 1993 introduced a similar method of hospital reimbursement based on DRGs [17] . Since 2002 the 15% of hospitals budget in Portugal is covered by case-mix and 85% based on historical cost. Italy has introduced in 1999 prospective payments for hospitals based on DRGs [14] . The Italian tariff system is based on DRGs to constrain budgets [15] [20] . In 2003 German Hospitals introduced a payment system (which became mandatory from 2004) based on DRGs [21] [22] , based on an adaptation and further development of the refined Australian AR-DRGs [15] . French DRGs were initially developed in 1986. DRG-like hospital payment system called "Tarification á l' Activite" was introduced in 2004-2005 as a basic health care reform [14] . The Greek NHS on the other hand, up until recently was financed on the basis of a complex and anachronistic model such as fixed budgets, fixed rates per admission or per diem rates based on the number of bed days, which couldn't effectively support and respond adequately to the developments and needs of modern health care system [23] . For this, in 2011 it was decided the establishment of a Committee with main objective to explore the feasibility of implementing the DRGs as a system of prospective financing the Greek NHS Hospitals and to establish the Greek Medical Procedure coding [24] [25] .
The Australian Refined DRGs (AR-DRGs) Classification system, which had been already implemented in Germany the last nine years [15] [22] , was chosen as the most appropriate for application in Greece, after extensive review of the literature and thorough evaluation of global experience in application of different reimbursement systems based on the DRGs [17] .
Because of the urgency to reform the health care system, and reimburse hospitals at their real health services production cost and hence to eliminate structural deficits, the Committee evaluated the option to use the cost weights of the AR-DRGs [23] [24] , as well as the Australian AR-DRGs [23] and implement them in the Greek DRG system as an indirect solution to the issue of cost assessment. Since the end of 2011 (with an adjustment-correction in coding, naming, costing and average length of stay (ALoS) as of February 2012) the implementation of the Greek version of DRG's (hereinafter referred to as "KEN-DRGs") has been decided by the Greek authorities, in order to improve the efficiency of the health hospital sector and to contain the cost of care [24] [25] .
The purpose of this study is first, to explore the relationship between KEN-DRGs reimbursement rates (along with other controls) and clinical severity classification and second, to draw policy implications. Our results demonstrate that though there is a strong association between reimbursement rates and clinical severity, there are several KEN-DRG codes that are over-(under-) reimbursed, taking in consideration their clinical severity class.
Data and Methodology
Aggregate hospitalizations data were collected from the e-DAPY database of National Organization for Provision of Healthcare Services (EOPYY) in Greece. EOPYY is the largest social security fund (SSF) covering more than 95% of the insured population, and was founded in 2012 from the merge of various individual SSFs. In the first months of 2012 the four biggest SSFs (IKA, OAEE, OGA, OPAD) formed EOPYY while by November 2012 the majority of the remaining funds were also incorporated into EOPYY. EOPYY provides health insurance under a single benefits package for the 95% of Greek population, either through a network of contracted physicians, public and private hospitals and diagnostic centres or through the health centers of PEDY.
In the present study, a database was provided for the time period January to June 2013 (first semester of 2013) containing all impatient hospitalizations classified for every single KEN-DRG code and for every MDC (aggregated). The present study is a retrospective observational study, undertaken in a very large number of hospitalization cases and conducted exclusively by examining reimbursement administrative data. Data regarding the patient's age and gender, diagnosis, number of hospitalizations, percentage of co-payment and patient's unique social security number were not provided. The data provided from the EOPYY for the purpose of this study, where aggregated, anonymized in respect of any patients' identification. Permission for use of anonymized data was obtained by the administration of EOPYY, in accordance to the national legislation on the Protection of Individuals with regards to the Processing of Personal Data. The study has been approved by the Scientific Committee of the University of Piraeus.
The provided database contained exclusively the following data:
MDC code, MDC name, KEN-DRG code, KEN-DRG name, ALoS, N of cases, Reimbursement rate (in €), Total reimbursed amount (in €) (Predetermined ALoS and Reimbursement rate in the Greek NHS Hospitals for the selected KEN-DRGs, were derived from Gazette 946/27/03/2012).
Empirical Analysis
All variables, except to Clinical Severity, are continuous. We have clustered all of them in three classes with respect to their frequencies. The third percentile is used for all variables in order to cut off the 33.33% of the data values when they are sorted in ascending order. More specifically, the variable Cost (Total reimbursed amount in €) takes the value 1 for €136 -€1981, 2 for €1988 -€3908 and 3 for €4000 -€55,695; the variable EconComp (Reimbursement rate in €) takes the value 1 for 0.14 -2.12, 2 for 2.14 -4.14 and 3 for 4.27 -55.64; the variable ALS (Average Length of Stay) takes the value 1 for 1 -3 days, 2 for 4 -8 days and 3 for 9 -85 days. And finally, the variable Clin Sev (Clinical Severity) takes the values 1, 2 and 3 for low, medium and high clinical severity, respectively. Table 1 below presents the summary statistics of our data. As Table 1 shows, there are 24 Major Diagnosis Groups (MDC), but the number of subcategories included is not equal for all of them. The minimum DRG Total reimbursed amount is €136, but there are several DRGs with their Total reimbursed amount exceeding €55,000, affecting the average Total reimbursed amount that is higher than €2,600. The same is also documented for the variable Econ Comp (Reimbursement rate in €). The majority of cases are of medium or high clinical severity and the average length of stay is nearly 8 days. Table 2 , below, presents the correlations across all variables. Table 2 further demonstrates that there is a strong correlation between variable Econ Comp (Reimbursement rate in €) and Cost (Total reimbursed amount in €), as the Pearson correlation coefficient is larger than 0.9. This relies on the fact that the Total reimbursed amount of each DRG is fully based on its Reimbursement rate; therefore, there is no reason for the two variables to be both included in the same model. A weaker correlation is demonstrated between Cost and ALS (Average Length of Stay) (0.7), but the most interesting is the correlation demonstrated between Cost and ClinSev (Clinical Severity) (smallest Pearson correlation coefficient; 0.3).
Pie charts, next, provide more details about the distribution of the aforementioned variables.
As shown by Figure 1 , there is an almost perfect match between EconComp (Reimbursement rate in €) and Cost (Total reimbursed amount in €) distributions. With respect to Average Length of Stay, an equal distribution is documented since the percentages for the classes 1, 2 and 3 are 35%, 34% and 31%, respectively. The largest "disagreement" is demonstrated with respect to Clinical Severity. Since the 49% of the DRGs is considered to be of high clinical severity, someone would expect that those cases would lead to an extensive length of stay and therefore to a higher reimbursement rate. Although the 31% of the DRGs are in class 3 for the Average Length of Stay, this is not the case for Econ Comp (Reimbursement rate in €) as well (only 17% of the cases are in the class of higher reimbursement rate). We are trying to explore furthermore the relation between Reimbursement rate and Clinical Severity. Pie charts, above, and Table 2 with Pearson correlation coefficients demonstrate that there is a considerable deviation since there are several DRGs that do not belong in the same class both of Reimbursement rate and Clinical Severity.
Histogram, below, clearly presents the aforementioned deviation. Histogram above presents ( Figure 2 ) the relation between clinical severity (horizontal axis) and reimbursement rate in € (here mentioned as Economic Compensation, Econ Comp). For example, the first column shows that among the DRGs belonging to the first cluster of clinical severity (low clinical severity), 2% of them are compensated with a medium reimbursement rate. More specifically, only 18.5% of the DRGs belonging to the medium clinical severity cluster (column 2) are also compensated with a medium reimbursement rate, while 78% and 3.5% of them are compensated with a lower and higher reimbursement rate, respectively. Finally, as column 3 demonstrates, only 33% of the DRGs that are considered to be of high clinical severity are compensated with a high reimbursement rate, while 30% and 37% of them are compensated with a medium and lower reimbursement rate, respectively.
The cross tabulation below (Table 3) , where the Histogram 3 is transformed in frequencies, presents how many of the DRGs are clustered in each class of Reimbursement rate and Clinical Severity. Table 5 shows that for most DRGs, Reimbursement rate does not match with the degree of Clinical Severity In other words, in many cases, DRGs receive lower Reimbursement rate than they should have got according to their clinical severity status. For instance, DRGs with "high" clinical severity are 321 and only 105 (32.7%) are reimbursed with "high" rate. Same finding holds for the DRGs with "medium" clinical severity. For example, 153 out of 196 DRGs exhibit lower Reimbursement rate for their clinical severity. However, the majority of the DRGs that exhibit "low" clinical severity, which consist the 20.8% of our sample, gets also "low" Reimbursement rate. In this case, there is a match in Reimbursement rate and clinical severity. Overall, 56.5% of the DRGs show Reimbursement rate lower than their corresponding clinical severity, while economic compensation and clinical severity exactly match in 42% of the DRGs. That leaves 1.5% of DRGs where Reimbursement rate is higher than their clinical severity. Although this result does not seem very important with respect to the total budget spent on DRGs, there are several categories that vary in number of cases treated and their corresponding Total reimbursed amount in €. Table 4 presents the DRGs that seem to have a small or large deviation between the number of cases reported and their clinical severity.
As Table 4 indicates, the number of cases treated plays also an important role. It appears that DRGs with higher clinical severity do not seem to burden the total budget compared to DRGs with medium and low clinical severity.
Next, Table 5 presents the deviation documented between Total reimbursed amount in € and clinical severity. Although the number of cases is small for the DRGs with high clinical severity (panel C, of Table 5 ), their contribution to the total budget is high.
We are interested in cases, where some DRGs receive higher Reimbursement rate than their clinical severity indicates.
Finally, Table 6 presents deviations (large vs. small) between Reimbursement rate and clinical severity, showing also a reference to the Total reimbursed amount of each DRG of interest as a % of Total reimbursed amount (the Codes description of Table 8 , are presented in the Annex)
As Table 6 shows, for the majority of the DRGs the Reimbursement rate is higher than the corresponding clinical severity (right part of Table 6 ), although the deviation documented is small for more than 65% of the categories. For example, there are three DRGs of "low" clinical severity but are reimbursed as if they were of "medium" severity (M02X, M73M and N23A). Additionally, there are seven DRGs of "medium" clinical Table 6 . Deviation between reimbursement rate and clinical severity. severity and are rated as if they were of "high" clinical severity (D01X, K01X, M07A, N42Ma, P04M, T06X and TH10M). The same findings are presented as well in Table 3 .
If we want to put some numbers behind, almost 1% (0.97%) of the budget goes to DRGs where the Reimbursement rate is actually higher than the clinical severity.
Estimated Model
We now turn into quantifying the effect of clinical severity on Reimbursement rate setting. In order to pull outlying data from a positively skewed distribution closer to the bulk of the data in a quest to have the variable to be normally distributed, we use logarithmic transformation. A linear relationship is hypothesized between a log-transformed outcome variable, here Econ Comp (Reimbursement rate in €), and a group of predicted variables. high and 0 otherwise; ALS2 is a dummy that takes the value 1 if the average length of stay is between 4 -8 days and 0 otherwise; ALS3 is a dummy that takes the value 1 if the average length of stay is larger than 8 days and 0 otherwise. Table 7 reports the regression coefficients for the log-transformed variables of Econ Comp without and with DRGs dummies.
We assume that Econ Comp is log-normal conditional on all the covariates and since this is just an ordinary least squares regression, we can easily interpret the regression coefficient, say β1, as the expected change in log (Econ Comp) with respect to a oneunit increase in X1 holding all other variables at any fixed values. If we want to interpret the changes of Reimbursement rate with respect to one-unit increase in X1, we have to calculate the exponentiated values of the regression coefficients of previous Table. Next, Table 8 demonstrates this interpretation. Column 1 presents the estimates EconComp without the DRG dummies. One can read these coefficients as follows: the Reimbursement rate of a DRG will increase by 48% [= (1.48 − 1) × 100%] if its clinical severity is 2 with respect to 1. Further, the Reimbursement rate will increase by 96% if the clinical severity of the DRG is 3 instead of 1. The specific DRGs that affect the Total reimbursed amount are presented in the left part of Table 6 . Average length of stay seems to have a greater impact on Reimbursement rate. Particularly, if the average length of stay is 2 and 3 instead of 1, the Reimbursement rate of the DRG will increase by 115% and 406%, respectively. The results do not vary significantly even if someone takes into account the variability among different DRGs (Column 2).
Discussion
The contribution of the present study is twofold: first to empirically assess the relationship between DRGs reimbursement rates and clinical severity classification. Thus far, just few studies performed any type of empirical analysis, but they were limited only in reporting the economic cost of the case mix [12] [13] [25] [26] .
Specifically the survey of Horn et al. [12] demonstrated that Severity of Illness/procedure-adjusted DRGs are much more homogeneous than DRGs themselves: overall DRGs explain the 28% of variability in resource use, while Severity-adjusted DRGs explain the 61%. Therefore a Severity-adjusted DRG payment system appears to be much more equitable than a pure DRG prospective payment system. Furthermore the Severity of Illness Index in the same study explained more than 10% of the variability in resource use in 94% of the DRGs, which contained 97% of the patients, and more than 50% of the variability in resource use in 36% of the DRGs, which contained 24% of the patients.
Respectively results were demonstrated by the Averill et al. [13] Severity of Illness evaluation study. Severity of illness was measured using the Computerized Severity Index (CSI) and was found to be a significant determinant of hospital cost in 76 DRGs that accounted for 41.4% of the total direct hospital patient care costs and 27% of the patients. The addition of CSI severity levels to the 76 DRGs reduced the coefficient of variation of cost in these DRGs by 17.4% and improved the overall reduction in variance of cost within the 76 DRGs by 38.2%. The same study also demonstrated that the change in total hospital payments due to the addition of severity for the 76 DRGs varied from a positive 5.71% to a negative 5.48%. Another study [27] comparing various DRG-models to use for internal or external benchmarking, concluded that 1) more than 60 percent of the variation in cost and more than 47 percent of the variation in LOS can be explained by the APR-DRGs model 2) the increase in severity of illness level is not attributable to a higher case mix in Belgian hospitals. Using simple regression, they found that there is a significant relation between the average number of diagnoses coded on a hospital level and the fraction of inpatient stays with severity level Minor and 3) not only can the average number of diagnoses coded have an impact on the performance of a hospital when using severityadjusted classification systems, the overall coding quality and accuracy have an impact [28] [29] [30] .
A study by Medpac [31] analyzes how CMS annually reviews the MS-DRG definitions to ensure that each group continues to include cases with clinically similar conditions requiring comparable amounts of inpatient resources. When the review shows that subsets of clinically similar cases within an MS-DRG consume significantly different amounts of resources, CMS often reassigns them to a different MS-DRG with comparable resource use or creates a new MS-DRG.
In its recent report KCE propose a framework for a reform of the payment system of hospital care in Belgium [32] . The main rationale for reforming hospital payment systems is to change behaviour by creating incentives for e.g. higher quality or lower costs. However, these "theoretical" incentives have to be confronted with real-world behaviour to evaluate the merits and shortcomings of each payment system.
In its previous report [33] KCE performing a comparative analysis of hospital care payments in five countries, concludes that payment by DRGs does not directly provide incentives for health promotion, disease prevention, self-management, coordination of care between multiple providers and settings.
Other studies [34] [35] found that no severity measure explained differences among hospitals in average LOS. Other patient characteristics, practice patterns, or institutional factors may cause the wide differences across hospitals in LOS.
Another study [36] found that the calculation of nursing cost by stay and by DRG for hospital financing purposes must be calculated on nursing activity data, that more reflect resources used in wards, and not on LOS data.
Finally, a study performed in a neonatal unit [37] , found that, it is doubtful that existing models of hospital reimbursement incentivize improvements in quality of care that might reduce disease complexity and complication rates. And concludes that it needs to continually adjust what it rewards and discourages on the basis of feedback from patients and care providers.
Conclusions-Proposals
Because coding is crucial in measuring relative efficiency among hospitals as well as driving ongoing reimbursement, we will need a better understanding of hospitals' coding practices for any severity-adjusted grouper. Because DRGs make extensive use of diagnosis and procedure codes should incorporate and establish the severity level for an admission, so as to determine whether case mix growth is associated with real costs or with coding and documentation improvements at the hospital. Consequently, we are proposing a policy for requiring each hospital to submit an annual case mix audit based on a random sample of its cases.
Furtherer more we suggest the auditing of current medical records not only for coding accuracy but for the adequacy of underlying clinical documentation by the medical staff. The establishment of a clinical documentation management program in collaboration with the medical staff is a way to ensure most accurate and complete documentation of each diagnosis and procedure for every patient. As well as auditing establishment of documentation processes to ensure corporate compliance, measure process adherence, and quantify program success. Also it is crucial for the hospitals leadership to understand that the physicians' involvement in management will increase their responsibility and accountability. Kidney and urinary system infections with devastating (systemic) or severe co-existing diseases-complications Nasal Surgery
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